Remarks 

In view of the above amendments and the following remarks, reconsideration and 
further examination are requested. 

The specification and abstract have been reviewed and revised to make a number 
of editorial revisions. A substitute specification and abstract have been prepared and are 
submitted herev^dth. No new matter has been added. Enclosed is a marked-up copy of 
the specification and abstract indicating the changes incorporated therein. 

Claims 1-13 have been rejected under 35 U.S.C. § 112, first paragraph, as not 
being properly enabled. Specifically, the rejection indicates that the phrase "any one of 
the triangles" in claims 1, 7 and 10 means that each of the triangles shares at least one 
edge with all other triangles included in the same partial polygon and that this is not 
supported by the specification. Based on this rejection, it appears that the Examiner is 
incorrectly construing the intended meaning of this phrase. As a result, claims 1, 7 and 
10 have been amended so as to change this phrase to "at least one other triangle" which is 
clearly supported by Figures 7A and 8A. Therefore, withdrawal of the rejection under 35 
U.S.C. § 1 12, first paragraph, is respectfully requested. 

The drav^ngs have been objected to under 37 C.F.R. 1.83(a) as not showing every 
feature of the invention specified in the claims. It is apparent that the above-discussed 
amendment to claims 1, 7 and 10 should also overcome this objection to the drawings. 
As a result, withdrawal of the objection is respectfully requested. 

In addition, claims 1-13 have been amended to make a nimiber editorial revisions. 
These revisions have been made to place the claims in better U.S. form. None of these 
amendments have been made to narrow the scope of protection of the claims, nor to 
address issues related to patentability and therefore, these amendments should not be 
construed as limiting the scope of eqxiivalents of the claimed features offered by the 
Doctrine the of Equivalents. 
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In view of the above amendments and remarks, it is submitted that the present 
application is now in condition for allowance. The Examiner is invited to contact the 
undersigned by telephone if it is felt that there are issues remaining which must be 
resolved before allowance of the application. 

Respectfully submitted, 
Keiichi SENDA et al. 

By: 9 ..r, :m dj m.\ 

David M. Ovedovitz | 

Registration No. 45,336 ' 

Attorney for Applicants 

DMO/jmj 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
March 30, 2004 
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V 

TITLE OF THE INVENTION 

POLYGON RENDERING DEVICE 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to rendering devices and, 
more specifically, to rendering devices which go through a 
rendering process of generating image data representing polygons 
for display on display devices. 

10 

Description of the Background Art 
[0002] Such Q rendering proceoo is Rendering processes are found 
in many documents, e.g., Yamaguchi, Fujio: A Unified Approach to 
Interference Problems Using a Triangle Processor, Proceeding of 

15 SIGGRAPH '85, July 1985. FIG. 11 is a block diagram showing the 
basic structure of a conventional rendering device CUrend. The 
rendering device CUrend of FIG. 11 includes a polygon data storage 
section 701, a concave polygon determination section 702, a first 
triangulate section 703, a second triangulate section 704, a 

20 triangle rendering section 705, and a display section 706. 

[0003] Described below is the operation of such a conventional 
rendering device CUrend, The polygon data storage section 701 
stores several pieces of polygon data Dpoly . One piece of polygon 
data Dpol y at IcQOt includes at least n (where n is a natural number 

25 of 3 or larger) sets of vertex coordinates PI to Pn so that a polygon 

1 




P is rendered. Here, the vertex coordinates PI to Pn are 
two-dimensional (2D) or three-dimensional (3D) coordinates. If 
being 3D coordinates, all of the vertex coordinates PI to Pn need 
to be located on a single plane . The polygon data Dpoly sometimes 
5 accompany various other information together with the vertex 
coordinates PI to Pn, Such additional information will be 
described later as appropriate. 

[0004] The concave polygon determination section 702 receives 
the polygon data Dpoly from the polygon data storage section 701. 
10 In the case that the vertex coordinates PI to Pn included in the 
polygon data Dpoly are 3D, a similarity transformation process 
is applied onto a predetermined 2D plane (hereinafter, xy plane) 
Ft. 

[0005] Assuming now that the polygon data Dpoly includes n sets 
15 of vertex coordinates describing the polygon P, i.e., PI (xl, yl, 
zl), P2(x2, y2f z2) , Pn(xn, yn, zn) . In the similarity 

transformation process , the concave polygon determination section 
702 first calculates a normal vector N to the polygon P. If the 
derived normal vector Nis parallel to the z-axis , every z coordinate 
20 of the vertex coordinates PI to Pn is changed in value to 0. The 
resultant vertex coordinates Ql(xl, yl, 0) to Qn(xn, yn, 0) 
represent the polygon P orthogonally projected onto the xy plane 
Ft. 

[0006] As to the similarity transformation process for the case 
25 where the normal vector N is not parallel to the z-axis, FIG. 12 



is referred to. In such a case, the concave polygon determination 
section 702 finds an intersection line L of the xy plane Ft and 
a plane Fp which includes the polygon P. Also, found is an angle 
a between the xy plane Ft and the plane Fp. After finding the 
intersection line L and the angle a , the concave polygon 
determination section 702 rotates the vertex coordinates Pl(xl, 
ylf zl) to Pn(xn, yn, zn) on the plane Fp about the linear 
intersection line L by the angle a . As a result, vertex 
coordinate set group Q^llx'l, y'l, 0) to Q^n(x^n, y^n, 0) are 
derived . 

[0007] As is evident from the above description , the group of 
the vertex coordinates Ql [xl, yl, 0) to Qn (xn, yn, 0) , or the group 
of the vertex coordinates 0'l(x'l, y'l, 0) to G>'n(x'n, y'n, 0) 
represents a polygon Q, Described below is a process to be applied 
to the polygon Q represented by the group of the vertex coordinates 
1 to Q^n. Here, this process is the same to the polygon Q 
represented by the group of the vertex coordinates Ql to Qn, and 
thus is not described. 

[0008] The concave polygon determination section 702 goes 
through a concave-convex determination process to determine 
whether the polygon Q is a concave polygon or not. FIG. 13 is 
a diagram in assistance of explaining an exemplary concave-convex 
determination process. Note that, although n is exemplarily 6 
in the above similarity transformation process, now in the 
concave-convex determination process, n is presumably 4 for 



o 




convenience . 

[0009] In the concave-convex determination process, the 
concave polygon determination section 702 first calculates 3D 
vectors Vl(al, bl, cl) to Vn{an, hn, cn) representing 1st to nth 
5 polygon edges of the polygon 0. As to those 3D vectors VI to Vn, 
their z components cl to cn are all 0. The 3D vector VI (al, bl, 
cl) can be calculated from the vertex coordinates Q' 1 and Q'2, 
and is equal to (x'2-x'i, y'2~y^l, 0). In the case where 2 <= 
i <= n-lf the 3D vector Vi(ai, bi, ci) can be calculated from the 
10 vertex coordinates Q'l and Q' (i-i-l) , and is equal to (x' (i^l) -x'i, 
y' (i-hl) -y^ i, 0) , In the case where i = the 3D vector Vn{an, 
bn, cn) can be calculated from the vertex coordinates n and 
and is equal to (x'l-x'n, y'l-y^n, 0). 

[0010] After calculating all of the 3D vectors VI to Vn, the 
15 concave polygon determination section 702 calculates, 
sequentially, an outer product of any two vectors of polygon edges 
of the polygon Q intersecting with each other, i.e., V1XV2, V2 
X V3, Vfn-I^XVn, VnXvi. If z components of the resultant 

outer product vectors VIX \/2, \/2X\/3, V(n-l)y^Vn, l/nXvishow 

20 the same negative or positive sign, or 0, the concave polygon 
determination section 702 determines that the polygon Qis a convex 
polygon, otherwise a concave polygon. 

[0011] The polygon Q is the one projected the polygon P onto 
the xy plane Ft. Therefore, if the polygon Q is determined as 
25 being a convex polygon, the concave polygon determination section 




702 determines that the polygon P is also a convex polygon, and 
passes the polygon data Dpoly received from the polygon data storage 
section 701 to the first triangulate section 703. On the other 
hand, if the polygon P is determined as being a concave polygon, 

5 the polygon data Dpoly is forwarded to the second triangulate 
section 704 . 

[0012] Here, in the case where the polygon data Dpoly includes 
any additional information indicating the concave-convex 
attribute of the polygon P, the concave polygon determination 
10 section 702 does not go through the concave-convex determination 
process utilizing outer products, but refer to the concave-convex 
attribute to determine whether the polygon Q, i.e., polygon P, 
is a concave polygon. 

[0013] To the received polygon data Dpoly f the first triangulate 
15 section 703 applies a first triangulate process so that the convex 
polygon P is represented by a plurality of independent triangles . 
In the first triangulate process, the first triangulate section 

703 selects 3 sets of the vertex coordinates PI, P2, and P3 from 
the polygon data Dpoly to generate triangle data Dtril, 

20 Conceptually, the convex polygon P is divided into API P2 P3 
structured by the vertex coordinates PI, P2, and P3. In the below, 
A denotes a triangle. For example, API P2 P3 represents a 
triangle structured by the vertex coordinates PI, P2, and P3. 
[0014] Next, the first triangulate section 703 selects 3 sets 

25 of the vertex coordinates, this time, PI, P3, and P4, to generate 



triangle data Dtri2. Thereafter, when 3 <= i <= n-2, the first 
triangulate section 703 selects in the same manner 3 sets of the 
vertex coordinate sets PI, P(i-hl), and P(i-f'2) so as to generate 
triangle data Dtri3 to Dtri (n-2) , Conceptually, the convex 
triangle Pis divided into (n-2) pieces of triangles . The resultant 
(n-2) pieces of triangle data Dtril to Dtri (n-2) are passed to 
the triangle rendering section 705. Here, when the received 
polygon data Dpoly includes additional information, the first 
triangulate section 7 0 3-pa s ses-i-t- also passes it to the triangle 
rendering section 705. 

[0015] The second triangulate section 704 retains the polygon 
data Dpoly coming from the concave polygon determination section 
702, and applies thereto a second triangulate process so that the 
concave polygon P is represented by a plurality of independent 
triangles. FIG. 14 shows the procedure of the second triangulate 
process. In FIG. 14, the second triangulate section 704 checks 
the vertexes of the concave polygon P for which vertex type, i.e., 
a concave vertex or a convex vertex, and counts the number Nc of 
the concave vertexes (stepSlOOl). Here, the concave vertex means 
a vertex of the concave polygon Pwith an interior angle exceeding 
180 degrees. Conversely, the convex vertex means a vertex with 
an interior angle smaller than 180 degrees. 

[0016] In step SlOOl, more in more detail, carried out first 
is the same process as the concave-convex determination process 
performed by the concave polygon determination section 702 . That 



is, the second triangulate section 704 calculates, sequentially, 
an outer product of any two vectors , i.e., polygon edges, extending 
from one vertex Pi (where i = 1, 2, . . n) of the concave polygon 
P. The current vertex Pi is then checked for its vertex type based 
5 on the z component of the calculated outer product, i.e., which 
sign the z component is showing. If the z component is showing 
0, either of the vertex types is applicable to the vertex Pi. 
[0017] After checking all of the z components of the outer 
products, the second triangulate section 704 counts the number 
10 Nc of the concave vertexes , The procedure then goes to step S1002 . 
Here, in the below discussio n, the vertex Pi determined as being 
the concave vertex in step SlOOl is referred to as a concave vertex 
CPi, otherwise a convex vertex VPi, 

[0018] In the case where the number Nc is not 0 in step S1002, 
15 the second triangulate section 704 selects one convex vertex VPi 
from those others as a reference vertex Pb (step S1003) . Then, 
the second triangulate section 704 selects, from the vertex 
coordinates PI to Pn, two sets of vertex coordinates Pk and Pj 
(where k = 1, 2, ...n, j = 1, 2, n, and k^j) adjacent to 

20 the reference vertex Pb, Accordingly, the second triangulate 
section 704 forms a partial triangle APb Pk Pj with the reference 
vertex Pb, and the vertexes Pk and Pj (step S1004). 
[0019] The second triangulate section 704 then determines 
whether there are any other vertexes PI to Pn in the partial 
25 triangle APjb Pk Pj (step S1005) . 




0 

If determined Yes, the second triangulate section 704 
regards the image data Diinage which will be generatedby the triangle 
rendering section 705 as not representing the polygon P correctly. 
In other words, the partial triangle APjb Pk Pj formed in step 
5 S1004 is regarded as not being usable for rendering the polygon 
Pcorrectly . The procedure thus returns to step S1003 . The second 
triangulate section 704 selects again this time another convex 
vertex VPi which is not yet selected from those others as the 
reference vertex Pb (step S1003) . The procedure then goes through 

10 steps S1004 and S1005. 

[0020] On the other hand, if determined in step S1005 that there 
is no other vertexes PI to Pn, the second triangulate section 704 
regards the partial triangle APb Pk Pj formed in step S1004 as 
being usable for rendering the polygon Pcorrectly. The procedure 

15 then goes to step S1006. The second triangulate section 704 
generates and retains triangle data Dtri which represents the 
partial triangle APjb Pk Pj formed by the vertexes Pb, Pk, and 
Pj (step S1006) , 

[0021] The second triangulate section 704 then determines 
20 whether polygon data Dpoly' can be generated from the polygon data 
Dpoiy which is currently at hand (stepS1007) . To be more specif ic, 
from the polygon data Dpoly, the second triangulate section 704 
eliminates the reference vertex coordinates Pb selected in step 
S1003. If there- ^ are no more vortex vertexes left, the second 
25 triangulate section 704 determines that the polygon data Dpoly'' 



cannot be generated so that the procedure goes to step SlOlO . Then, 
the second triangulate section 704 forwards, to the triangle 
rendering section 705, at least one triangle data Dtri generated 
in step S1006. In the case where the originally-received polygon 
data Dpoly includes any additional information, the second 
triangulate section 704 passes it also passes it to the triangle 
rendering section 705. 

[0022] On the other hand, if there-jrs- are any vertex vertexes 
left after eliminating the reference vertex coordinates Pb, the 
polygon data Dpoly' is determined as being generable so that the 
procedure goes to step S1008 . Accordingly, the second triangulate 
section 704 generates the polygon data Dpoly', As such, the 
resultant polygon P' represented by the polygon data Dpoly' is 
the one formed by the vertexes PI to Pn of the polygon P except 
for the reference vertex Ph, 

[0023] The second triangulate section 704 then sets the 
generated polygon data Dpoly' as the polygon data Dpoly (stepSlOOS) , 
and the procedure returns to step SlOOl. In step SlOOl this time, 
the second triangulate section 704 counts- the number No of the 
concave vertexes CPi of the polygon P' , Thereafter, the second 
triangulate section 704 determines if the number No is 0 or not, 
and if not 0, the procedure goes through steps S1003 to S1008 with 
the newly-set polygon data Dpoly. 

[0024] If the number No is 0, the polygon P' is determined as 
being a convex polygon, and the second triangulate section 704 
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applies the first triangulate process to the polygon P'' (stepS1009) , 
Assuming that the number of vertexes of the polygon is Nv, the 
second triangulate section 704 resultantly generates {Nv-2) pieces 
of triangle data Dtril to Dtri(Nv~2), 

[0025] The second triangulate section 704 forwards, to the 
triangle rendering section 705, at least one triangle data Dtri 
generated in step S1006, and (Nv'2) pieces of triangle data Dtril 
to Drti(Nv-2) generated in step S1009 (step SlOlO) , In the case 
where the originally-received polygon data Dpoly includes any 
10 additional information, the second triangulate section 704 also 
passes it dIoo to the triangle rendering section 705. 
[0026] As such, the triangle rendering section 705 receives 
various pieces of triangle data Dtri from the first triangulate 
section 703 or the second triangulate section 704. The triangle 
15 rendering section 705 may also receive any additional information 
about the polygon data Dpoly. The triangle rendering section 705 
follows the additional information, specifically color 
information included therein, to color-fill a region formed by 
3 sets of vertex coordinates Pr (where r = 1, 2, . . . , n) , Ps (where 
20 s = 1, 2, . . , , n) , and Pt (where t = 1, 2, n, but ri^si't) 

included in one of the received triangle data Dtri, Thereafter, 
until no triangle data Dtri is left at hand, the triangle rendering 
section 705 repeats such a rendering process as color-filling the 
region formed by three sets of the vertex coordinates Pr, Ps, and 
25 Pt. As a result, the image data Dimage representing the polygon 
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P is generated in the internal memory of the triangle rendering 
section 705 . In accordance with thus generated image data Dimage, 
the display section 706 applies a display process so that the polygon 
P is displayed on its screen. 

[0027] As such, in the conventional rendering device CUrend, 
the triangle rendering section 705 applies the rendering process 
on a triangle basis to the polygon data Dpoly, This results in 
several pieces of triangle data Dtri from the polygon data Dpoly, 
The problem here is that the larger the number of vertexes of the 
10 polygon P to be rendered, the more greater the number of triangle 
data Dtri to be generated bccomca . As a result, the time taken 
for the triangle rendering section 705 to go through the rendering 
process becomes longer, 

[0028] Especially, if the polygon Pis a concave polygon, there 
15 re^fu^e-e the second triangulate process (see FIG, 14 ) is required , 
which is not— &e as simple as the first triangulation process. 
Therefore, it takes — much a greater amount of time for the 
conventional rendering device CUrend to render the concave polygon 
P. 

20 

SUMMARY OF THE INVENTION 

[0029] Therefore, an object of the present invention is to 
provide rendering devices capable of rendering polygons at high 
speeds . 

25 [0030] The present invention has the following features to 
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attain the object above. 

[0031] A first aspect of the present invention is directed to 
a device for rendering a polygon which comprises : a polygon division 
section for generating, based on polygon data which specifies a 
5 polygon to be rendered, a plurality of partial polygon data each 
specifying one piece of partial polygons which are obtained by 
dividing the polygon; and a partial polygon rendering section for 
performing a rendering process, and based on the partial polygon 
data generated by the polygon division section, generating image 

10 data which represents an image of the polygon. 

[0032] In the first aspect, each of the partial polygons include 
a plurality of triangles which respectively include a vertex of 
the polygon, and each of the triangles shares at least one edge 
with any at least one of the other tri anglcc triangle included 

15 in the same partial polygon. 

[0033] These and other objects, features, aspects and 
advantages of the present invention will become more apparent from 
the following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a block diagram showing the structure of a 
polygon rendering device Urend according to one embodiment of the 
present invention; 
25 FIG. 2 is a diagram showing an exemplary structure of 
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the basic data structure of polygon data Dpoly to be processed 
by the polygon rendering device Urend of FIG. 1; 

FIG. 3 is a main flowchart showing the procedure of a 
processor 1 of FIG. 1; 

FIG. 4 is the first half of the flowchart showing the 
detailed procedure of step S36 of FIG. 3; 

FIG. 5 is the second half of the flowchart showing the 
detailed procedure of step S36 of FIG. 3; 

[0035] FIG. 6A is a diagram showing an exemplary polygon P to 
be rendered by the polygon rendering device Urend of FIG. 1; 

FIG. 5B is a diagram showing polygon data Dpoly needed 
for going through a rendering process to be applied to the polygon 
P of FIG. 6A; 

FIG. 7A is a diagram showing a partial polygon PPl which 
is to be rendered first in the rendering process applied to render 
the polygon P of FIG. 6A; 

FIG . 7B is a diagram showing the data structure of polygon 
data Dpoly' to be generated f irotl y first in step S411 of FIG. 
5; 

FIG. 8A is a diagram showing partial polygons PPl to 
PP3 to be rendered in the rendering process applied to render the 
polygon P of FIG. 6A; 

FIG . 8B is a diagram showing the data structure of polygon 
data Dpoly' to be generated laotly last in step S411 of FIG. 5; 

FIG. 9 is a diagram showing the concept of perceptive 




projection transformation carried out in step S37 of FIG. 3; 

FIG. lOA is a diagram showing the concept of step S37 
of FIG. 3 for a case where the process 1 is capable of rendering 
only simple rectangles; 

FIG. lOB is a diagram showing a partial polygon PP to 
be rendered as a result of the process shown in FIG. lOA; 
[0036] FIG. 11 is a block diagram showing the basic structure 
of a conventional rendering device CUrend; 

FIG. 12 is a diagram in assistance of explaining 
similarity transformation in the rendering device CUrend of FIG. 
11; 

FIG. 13 is a diagram in assistance of explaining 
concave-convex determination in the rendering device CUrend of 
FIG. 11; and 

FIG. 14 is a flowchart showing the procedure of a second 
triangulate process in the rendering device CUrend of FIG. 11. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0037] Described first are marks A, and □ found often in 
20 the following embodiment. The mark A denotes a triangle. For 
example, API P2 P3 denotes a triangle formed by vertexes PI, P2, 
and P3, The mark Z denotes an angle. For example, Z PI P2 P3 
denotes an angle formed by points PI, P2, and P3. Further, the 
mark □ denotes a rectangle. For example, QPl P2 P3 P4 denotes 
25 a rectangle formed by vertexes PI, P2 , P3, and P4. 

14 



10 



[0038] FIG. 1 is a block diagram showing the structure of a 
terminal device Dterm to which a polygon rendering device Urend 
of one embodiment of the present invention is incorporated. In 
the terminal device Dterm of FIG. 1, the polygon rendering device 
Urend is connected to a storage device Ustor and a display device 
Udisp for communications communication therewith. 
[0039] The polygon rendering device Urend includes a processor 
1, a program memory 2, and a working area 3. The processor 1 is 
typically composed of a CPU (Central Processing Unit) or an MPU 
10 (Micro Processing Unit) . The program memory 2 is typically 
composed of an ROM (Read Only Memory) , and stores a computer program 
21. The working area 3 is typically composed of an RAM (Random 
Access memory) . Herein, the combination of the processor 1, the 
program memory 2, and the working area 3 structure not only the 
15 polygon rendering device Urendf but also an unwanted point 
elimination section and a concave polygon determination section 

[0040] In the polygon rendering device Urend in such a structure, 

the processor 1 goes through a sequence of processes in accordance 
20 with the program 21, and on the basis of polygon data Dpoly stored 

in the storage device Ustor, generates image data Dimage on the 

working area 3. 

Here, the storage device Ustor stores at least one piece 

of polygon data Dpoly which specify the polygon P to be rendered. 
25 One piece of polygon data Dpoly preferably includes, as shown in 
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FIG. 2, n sets of vertex coordinates PI to Pn so that the polygon 
P is specifically rendered. Here, the vertex coordinates PI to 
Pn are two-dimensional (2D) or three-dimensional (3D) coordinates. 
If being 3D coordinates, all of the vertex coordinates PI to Pn 
5 need to be located on a single plane. 

[0041] In order to define the polygon P by shape, the polygon 
data Dpoly also includes connection information which specifies 
the connection relationships among the vertexes PI to Pn. In the 
present embodiment, preferably, the connection information 

10 indicates in order the vertex coordinates PI to Pn in the data 
structure of FIG. 2. More specifically, the polygon data Dpoly 
includes the vertex coordinates PI to Pn in such an order that 
the polygon P can be derived if connecting those coordinates in 
one stroke in the forward direction, starting from the vertex 

15 coordinates PI and returning thereto. The polygon data Dpoly 
sometimes accompany various other information together with the 
vertex coordinates PI to Pn. Such additional information is not 
essential for the present invention, and will be described later 
only when necessary. 

20 [0042] The display device Udisp applies a display process in 
accordance with the image data Dimage coming from the working area 
3 so that the resultant polygon P is displayed on its screen. 

Described next is the operation of the terminal device 
Dterm in such a structure, focusing on the operation of the polygon 

25 rendering device Urend. FIG. 3 is a main flowchart showing the 
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procedure of the processor 1 which is described in the program 
21. Inunediately after starting the program 21, the processor 1 
reads out the polygon data Dpoly from the storage device Ustor 
for required piece (s) . Here, the polygon data Dpoly is the one 
5 specifying the polygon P to be rendered. The read-out polygon 
data Dpoly is then transferred onto the working area 3 so that 
the polygon data Dpoly is retrieved (step S31) . In the present 
embodiment, for the sake of simplicity, the processor 1 presumably 
retrieves one piece of polygon data Dpoly. 

10 [0043] Thereafter, the processor 1 applies a process to the 
polygon data Dpoly on the working area 3 so as to eliminate, from 
the vertex coordinates PI to Pn, any vertex coordinates Pi (where 
2 is 1, 2, . . n) considered unwanted for rendering the polygon 
P (step S32) . Here, -^rhiT-s- step S32 corresponds to the unwanted 

15 point elimination section™~i-}^-el~a-i~f¥^-s-. 

[0044] As a general rule, the vertex coordinates PI to Pn each 
define an edge end of the polygon P. In some cases, however, the 
vertex coordinates Pi may happen to be on the polygon edges of 
the polygon P. Such vertex coordinates Pi are not used for polygon 

20 rendering, and worse yet, impair efficiency in the later processes . 
This is the reason why the processor 1 applies the process in S32 
to eliminate any unwanted vertex coordinates. In step S32, in 
more detail, the processor 1 first calculates 3D vectors Vi (where 
1 = 1, 2, . . ., n) each representing a polygon edge of the polygon 

25 P. Here, the polygon data Dpoly presumably includes n sets of 
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3D vertex coordinates PI (xl, yl, zl) , P2{x2, y2, z2) , Pn(xn, 
yn, zn) . Here, if i 9^ the 3D vectors Vi are directed from the 
vertex Pi to P{i-hl) . If i = the 3D vector Vn is directed from 
the vertex Pn to PI, 

[0045] After calculating all of the 3D vectors Vi, the processor 
1 calculatesy- an outer product of any two vectors of the polygon 
P intersecting with each other, i.e., V1XV2, V2XV3, Vi 
XU(i+l), VnXvi, Here, if the absolute value of ViXv{i-hl) is 
0, it is known that the vertexes P(i-l), Pi, and P(i + 1) are all 
positioned on the same polygon edge. Accordingly, the vertex 
Pi is unwanted, and thus the processor 1 eliminates it from the 
polygon data Dpoly on the working area 3. In the case where the 
polygon data Dpoly includes additional information indicating the 
number of vertexes, the processor 1 decrements the number by 1. 
If there-4^ ar e no unwanted vertex coordinates, such as Pi, the 
polygon data Dpoly is left untouched on the working area 3. 
[0046] Note here that there is no need for such an elimination 
process if some special process will be applied when the polygon 
data Dpoly includes additional information about each of the 
vertexes PI to Pn, or when the polygon data Dpoly carries several 
of the same vertex coordinates P sequentially. 

Described below is the case where no unwanted vertex 
PI is eliminated in step S32. As to the case where some unwanted 
vertex Pi is eliminated in step S32, the same is applicable in 
the basic sense, and thus will not described. 
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In the next step S33, the processor 1 applies, to the 
polygon data Dpoly on the working area 3, the same process as the 
one performed by the concave polygon determination section 702 
of FIG. 11 so as to determine whether the polygon P specified by 
the polygon data Dpoly is a concave or convex polygon. Here, thio 
step S33 corresponds to the concave polygon determination section 
in claimo . 

[0047] When the polygon Pis determined as being a convex polygon, 
the processor 1 applies the same process as the one performed by 

10 the first triangulate section 703 to generate several pieces of 
triangle data Dtri on the working area 3 (step S34) . Thereafter, 
the processor 1 applies the same process as the one performed by 
the triangle rendering section 705 to generate image data Dimage 
on the working area 3 (step S35) . Specifically, the image data 

15 Dimage is the one representing the polygon P which is color-filled 
in accordance with the color information, i.e., additional 
information. As such, in steps S34 and S35, if the polygon data 
Dpoly specifies the polygon P as being a convex polygon, the 
processor 1 applies the simpler first triangulate process thereto. 

20 Accordingly, the polygon rendering device Urend is not burdened 
that much to render the convex polygon P. 

[0048] After step S35 is through, the processor 1 transfers 
the image data Dimage generated on the working area 3 to the display 
device Udisp (step S38 ) . In accordance with the image data Dimage, 
25 the display device Udisp applies the display process so that the 
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polygon P is displayed on its screen. 

[0049] On the other hand, if the polygon data Dpoly specifies 
the polygon Pas being a concave polygon in step S33, the processor 
1 goes through a process to divide the polygon P into a plurality 
of partial polygons PP (step S35) . Hereinafter, such a process 
is referred to as a polygon division process. This otcp Step S36 
corresponds to a polygon division section in claimo . Here, FIG. 
4 is a flowchart showing the first half of the detailed procedure 
of the polygon division process, and FIG. 5 is a flowchart showing 
the second half thereof . Referring to FIG . 4,_ first, the processor 
1 selects a reference vertex Pb (where b is 1, 2, . . . , n) from 
the vertexes PI to Pn included in the polygon Dpoly on the working 
area 3 (step S401) , 

[0050] Also from the vertexes PI to Pn on the working area 3, 
the processor 1 then selects vertexes Pc and P(c-hl) (step S402) . 
In step S402, according to the data structure of the polygon data 
Dpoly, the vertex Pc positions immediately after the reference 
vertex Pb, and the vertex P(c-hl) to the vertex Pc. In such an 
order, the vertex Pc is to be connected next to the reference vertex 
Pb when connecting the vertexes in the polygon data Dpoly in the 
forward direction to derive the polygon Pin one stroke . Similarly, 
the vertex P(c-f-l) is connected next to the Pc, 

Note that the combination of these steps S401 and S402 
correspond to a first selection step in claimo . 
[0051] The processor 1 then determines whether or not the 
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following first and second conditions are satisfied (step S403) . 
The first condition is such a condition that APjb Pc P(c-hl) formed 
by the reference vertex Pb and the vertexes Pc and P(c-i-l) , which 
are currently at hand, does not have any other vertex Pi therein. 
5 In the first condition, ''any other vertex PV' means at least one 
of the vertexes PI to Pn which is not yet selected in steps S401 
and S402. That is, in step S403, i^b, i^c, l7^c+l. 
[0052] The second condition is such a condition that Z 
Pb Pc P(c-hl) formed by the current reference vertex Pjb and vertexes 

10 Pc and PTc+Ij is smaller than 180 degrees, i.e., convex. In order 
to determine whether ZPjb Pc P(c+1) is smaller than 180 degrees, 
the same process as the one performed by the concave polygon 
determination section 702 in the Background Art will do, and thus 
no further description is given here. 

15 In the case where both of the first and second conditions 

are not satisfied, the processor 1 regards the current reference 
vertex Pb as not being appropriate for a partial polygon PP, which 
will be described in detail later, so that the procedure returns 
to step S401 to select another reference vertex Pb, 

20 [0053] In step S403, if both of the first and second conditions 
are satisfied, the processor 1 registers, to the working area 3, 
the current reference vertex Pb, and vertexes Pc and P(c+1) as 
vertexes of the partial polygon PP. The processor 1 also increments 
by 1 a counter value Vtri (the counter is not shown) so that its 

25 initial value 0 is changed to 1 (step S404) . Here, the value Vtri 



denotes how many triangles, i.e., APjb Pc P(c-i-l) or APi? P(c+1) 
P(C'^2), the partial polygon PP currently includes. 
[0054] The processor 1 then determines whether the current 
counter value Vtri is equal to (n-2) or not (step S405) . As an 
5 example, when 3 vertexes P are selected from n vertexes PI to Pn 
of the polygon P to form a triangle, resultantly {n-2) pieces of 
triangles will be formed. Therefore, when the counter value I^tri 
indicates (n-2) , it means that any possible combination of vertexes 
Pb, P (c^l) f and P ( a- 2) as to the current polygon Phas been completely 
10 selected in step S406. On the other hand, if the counter value 
Vtri does not indicate (n-2) , it means that selection in step S406 
is not yet completed. 

[0055] As such, in the case of Vtri={n-2), the processor 1 
determines that the current polygon P is now completely divided 
15 into a plurality of partial polygons PP so that the procedure goes 
to step S414. Here, step S414 is left for later description for 
easy understanding . 

[0056] In the case of Vtri 9^ (n-2) , the processor 1 determines 
that the current polygon P is not yet completely divided so that 
20 the procedure goes to step S406. In step S406, the processor"! 
selects the current reference vertex Pb, and vertexes P(c-i'l) and 
P(c-h2) from the vertexes PI to Pn on the working area 3. In the 
case that the vertex Pn has been selected as the vertex P(c-hl), 
the vertex P(c-i-2) will be the vertex PI. Herein, this step S405 
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corresponds to a second selection step -in c'laimr: 
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[0057] In the polygon Dpoly on the working area 3, the vertex 
P(c-hl) positions immediately after the vertex Pc, and the vertex 
P (c+2) after the vertex P (c+1) . In such an order, the vertex P (c-i-l) 
is to be connected next to the vertex Pc when connecting the vertexes 
5 in the polygon data Dpoly in the forward direction to derive the 
polygon Pin one stroke . Similarly, the vertex P (c+2) is connected 
next to the P(c-hl) . 

[0058] After step S406, the processor 1 determines whether the 
following third and fourth conditions are satisfied (step S407) . 

10 The third condition is such a condition that APjb P(c-i-l) P(c+2) 
formed by the reference vertex Pb, and the vertexes P(c-fl) and 
P (c-h2) f which are currently at hand, does not have any other vertex 
Pj therein. In the third condition, ''any other vertex Pj" means 
at least one of the vertexes PI to Pn which is not yet selected 

15 in step S406. That is, in step S407, j + h, l9^c+2. 

[0059] The fourth condition is such a condition that Z 
Pb P(c-hl) P(c-h2) formed by the current reference vertex Pb, and 
vertexes P (c-f-l) and P (c-i-2) is smaller than 180 degrees, i.e., convex . 
In order to determine whether ZPjb P(c+1) P(c-f-2) is smaller than 

20 180 degrees, the known technique as discussed above will do, and 
thus no further description is given here. 

In step S407, if both of the third and fourth conditions 
are satisfied, the processor 1 additionally registers, to a 
predetermined region of the working area 3, the current reference 

25 vertex P(c-f2) as a vertex of the partial polygon PP. The processor 
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1 also increments by 1 the counter value Vtri (the counter is not 
shown) (step S408) . The case of not meeting both the third and 
fourth conditions is left for later description. 
[0060] After step S408, the processor 1 sets the current vertex 
5 P(c+2) as a new vertex P(c-hl) . (step S409) . This step S409 
corresponds to a setting step in claimo . Then, the procedure 
returns to step S405, and the loop of steps S405 to S409 is repeated 
until the processor 1 determines as Vtri- (n~2) in step S405, or 
until the third and fourth conditions are determined as not being 

10 satisfied in step S407. 

[0061] In step S405 as a part of the loop, when Vtri= (n-2) is 
satisfied, the processor 1 regards the current polygon Pas being 
completely divided into a plurality of partial polygons PP so that 
the procedure goes to step S414. By the time when the polygon 

15 division process has come to step S414, the vertexes found in the 
working area 3 will be those forming the partial polygon PP which 
has been divided most recently. Specifically, the vertexes of 
the most-recently-divided partial polygon PP include the current 
vertexes Pb, Pc, and P( c-fl ) only, or together with the vertex P (c+2) , 

20 at least, one, if additionally registered in step S4 08 . From those 
vertexes, the processor 1 generates partial polygon data Dpart 
(step S414) , and this is the end of the polygon division process 
shown in FIGS. 4 and 5. That is, step S36 in FIG. 3 is now through, 
and the procedure goes to step S37 . 

25 [0062] The partial polygon data Dpart generated in step S414 



specifies the partial polygon PP. Here, the partial polygon PP 
is a part of the polygon P. More specifically, the partial polygon 
PP is APb Pc P(c-hl) only, or together with at least one APb P(c-hl) 
P(c+2), Here, if the partial polygon PP is formed by several 
5 triangles, APb Pc P(c-i-l) and APb P(c-fl) P(c-h2) included in the 
partial polygon PP share at least one polygon edge with APb P (c-f-1) 
P(c+2) and APb Pc P(c-hl), 

[0063] In the case where both of the third and fourth conditions 
are not satisfied in step S407, the processor 1 regards the current 

10 vertex P(c-h2) as not being appropriate for the current partial 
polygon PP, and also regards that one partial polygon PP is now 
divided from the polygon P so that the procedure goes to step S410 . 
Here, the reason why the current vertex P{c+2) is regarded as not 
appropriate for the partial polygon PP will be described later. 

15 [0064] By the time when the polygon division process has come 
to step S410, the vertexes found in the working area 3 will be 
those forming one partial polygon PP. Specifically, the vertexes 
of the partial polygon PP include the current vertexes Pb, Pc, 
and P (c+l) registered in step S404 only , or together with the vertex 

20 P(c-h2)f at least one, if additionally registered in step S408. 
From those vertexes, the processor 1 generates partial polygon 
data Dpartf and retains it on the working area 3 . Here, the partial 
polygon data Dpart generated in this step S410 specifies the same 
partial polygon PP specified by the partial polygon data Dpart 

25 generated in step S414 . Here, by the time step S4 10 has been through, 
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one partial polygon PP will be completely generated so that the 
counter value Vtri is reset to 0 as a preparation to calculate 
the number of triangles included in the next partial polygon PP 
(step S410) . 



processor 1 then generates polygon data Dpoly' (step S411) . More 
specifically, from the vertex coordinates PI to Pn in the polygon 
data Dpoly, the processor 1 eliminates the vertexes Pc, P(c-fl) , 
and P{c-h2) which have been selected in steps S402 and 406. It 

10 should be noted here that the vertex P(c+2) which is most recently 
selected, that is, the current vertex P{c-h2) , is not eliminated 
because it will be selected as the reference vertex Pb in the later 
step. The reference vertex Pb is not eliminated either because 
it is needed to structure the polygon data Dpoly^ . In order to 

15 ease the later process, the processor 1 rearranges the order of 
the vertex coordinates P which have not been selected, and generates 
the polygon data Dpoly^ carrying the vertex coordinates P(c-i-2) 
to Pn, and Pb in order therein. In other words, the polygon data 
Dpoly' is in such a data structure that a polygon to be formed 

20 by these current vertexes can be drawn in one stroke. Any 
additional information included in the polygon data Dpoly may 
passed to the polygon data Dpoly' as it is, or may be saved on 
a region of the working area 3. 

[0066] The processor 1 then sets the polygon data Dpoly' as 
25 the new polygon data Dpoly (step S412) , and also sets the current 
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[0065] 



From the polygon data Dpoly on the working area 3, the 



vertex P(c-^2) as the new reference vertex Ph (step S413) . Then, 
the procedure returns to step S402 in FIG. A to go through the 
sequence of processes. 

[0067] As such, the polygon division process is described with 
5 reference to FIGS. 4 and 5. For better understanding, the polygon 
division process is described for a case where the polygon P 
specified by the polygon data Dpoly is a concave polygon as shown 
in FIG. 5A. Assuming here that the polygon data Dpoly specifying 
the concave polygon P of FIG. 6 includes vertex coordinates pi 

10 to P14 in such an order as shown in FIG. 6B. 

[0068] In step S401, the vertex PI is selected as the reference 
vertex Pb, which is indicated by a star mark in FIG. 7A. In the 
next step S402, the vertex P2 is selected as the vertex Pc, and 
the vertex P3 as the vertex P(c-f-l), Assuming in step S403 that 

15 API P2 P3 satisfies the first condition and Z PI P2 P3 satisfies 
the second condition, in step S404, the vertexes PI to P3 are 
registered as vertexes of the partial polygon PP, and the counter 
value Vtri is changed from its initial value 0 to 1 . 
[0069] Assuming that the vertexes PI to P3 are the only vertexes 

20 so far registered for the partial polygon PP, the counter value 
Vtri is equal to 1. Since (n-2) is now 12, the counter value Vtri 
is not (n-2) in step 5405. Thus, in step 5406, the combination 
of vertexes PI, P3, and P4 will be selected as the combination 
of the reference vertex Pb, and the vertexes P(c+1) and P(C'h2) . 

25 Assuming in step 5407 that API P3 P4 satisfies the third condition 
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and ZPi P3 P4 satisfies the fourth condition, the vertex P4 is 
additionally registered as a vertex of the partial polygon PP in 
step S408, and the counter value Vtri is changed from 1 to 2 . In 
the next step S409, the vertex P4 which is the current vertex P(c+2) 
is set as the new vertex P(c-hl). 

[0070] If the counter value Vtri is determined as not yet 
indicating (n-2) in step S405, the procedure again goes to step 
S406. Since the current reference vertex Pb and the vertex P(c-f-l) 
are the vertexes PI and P4f respectively, selected in step S406 
as the vertex P(c-i'2) is the vertex P5. Assuming in step S407 that 
API P4 P5 satisfies the third condition and ZPl P4 P5 satisfies 
the fourth condition, in step S408, the vertex P5 is additionally 
registered as a vertex of the partial polygon PP, and the counter 
value Vtri is changed from 2 to 3 . In the next step S409, the 
vertex P5 which is the current vertex P(c+2) is set as the new 
vertex P(c-hl) . 

[0071] If the counter value Vtri is determined as not yet 
indicating (n-2) in step S405, selected in step S406 as the vertex 
P(c+2) is the vertex P6. Assuming in step S407 that API P5 P6 
satisfies the third condition and ZPl P5 P6 satisfies the fourth 
condition, in step S408, the vertex P6 is additionally registered 
as a vertex of the partial polygon PP, and the counter value Vtri 
is changed to 4 . In the next step S409, the vertex P6 is set as 
the new vertex P(c+1), 

[0072] If the counter value Vtri is determined as not yet 
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indicating (n-2) in step S405, selected in step S406 as the vertex 
P(c-i-2) is the vertex P7. Here, if Zpi P6 P7 is exceeding 180 
degrees, i.e., concave, the fourth condition is not satisfied. 
Therefore, the processor 1 regards the current vertex P{c+2) , i.e., 
the vertex P7, is not appropriate as the vertex of the partial 
polygon PP. The reason why the vertex P7 is considered not 
appropriate is, if Z PI P6 PI as ZPjb Pic-hl) P(c+2) is concave, 
the line segment from the vertex P6 to P7 goes backward with respect 
to the line segment from the vertex P5 to P6 so that the partial 
polygon PP cannot be correctly rendered in the later step S37. 
With For the same reason, when the third condition is not satis f led, 
the vertex P(c-h2) is determined as not being appropriate as the 
vertex of the partial polygon PP. 

[0073] As such, when both of the third and fourth conditions 
are determined as not being met, the processor 1 determines that 
one partial polygon PP is now divided from the polygon P so that 
the procedure goes to step S410. In step S410 in this example, 
the polygon data Dpart including the vertex coordinates PI to P6 
is generated and retained. Further, in step S410, the counter 
value Vtri which is indicating 4 is reset to 0. Here, for 
convenience, the partial polygon data Dpart which is currently 
generated is referred to as partial polygon data Dpartl. The 
partial polygon data Dpartl specifies a partial polygon PPI (shown 
with hatched lines descending toward left in FIG. 7A) formed by 
the vertexes PI to P6, 




[0074] Here, the partial polygon PPl is structured by API P2 P3, 
API P3 P4, API P4 P5, and API P5 P6, all of which share the same 
reference vertex Pb(=Pl) . Moreover, API P2 P3 share a polygon 
edge PI P3 with API P3 P4 , Other than those, API P3 P4, API P4 
5 P5, and API P5 P6 are also included in the partial polygon PPl, 
and share at least one polygon edge with any of at l east one other 
trianglos triangle . 

[0075] In step S411, as already described, except for the 
vertexes Pc and P(c-hl) , and the current vertex P(c-f-2) , any other 

10 vertex (es) P(c-i-2) are eliminated from the vertex coordinates Pi 
to Pn, Accordingly, after the vertex coordinates P2 to P5 are 
eliminated from the polygon data Dpoly on the working area 3, the 
vertex coordinates P are rearranged in order so that the polygon 
data Dpoly' carrying 10 vertex coordinates P6 to P14 in order is 

15 generated as shown in FIG. 7B. Then in step S412, the polygon 
data Dpoly' is set as the new polygon data Dpoly, Then in step 
S413, the vertex P6 is set as the reference vertex Pb, 
[0076] In the case where the vertex P6 is the reference vertex 
Pjb, the third and fourth conditions remain satisfied until the 

20 vertex Pll becomes the vertex P(c-hl) and the vertex P12 the vertex 
P(c-i-2) (step S407) . Accordingly, generated and retained in step 
S410 is partial polygon data Dpart2 by which such a partial polygon 
PP2 (shown with hatched lines descending toward right) as shown 
in FIG, 8Ais specified. In step S411, after eliminating the vertex 

25 coordinates P7 to PIO from the polygon data Dpoly on the working 
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area 3, the vertex coordinates Pare rearranged in order. As a 
result, generated is the polygon data Dpoly^ carrying, as shown 
in FIG. 8B, 6 sets of vertex coordinates Pll to P14, PI, and P6 
in order therein. This polygon data Dpoly' is then set as the 
5 new polygon data Dpoly in step S412. 

[0077] Referring to FIG. 8A, in step S413, after the vertex 
Pll is set as the reference vertex Pb, the procedure of the polygon 
division process returns to step S402. In step S402, the vertex 
S12 is selected as the vertex Pc, and the vertex P13 as the vertex 
10 P(c-hl) . Here, assuming in step S403 that APll P12 P13 satisfies 
the first condition and /.Pll P12 PI 3 satis fies the second condition, 
instepS404, the vertexes Pll to P13are registered, and the counter 
value Vtri is updated to 1, 

[0078] Assuming that the vertexes Pll to P13 are the only 
15 vertexes so far registered for the partial polygon PP, the counter 
value Vtri is equal to 1. Since {n-2) is now 4, the counter value 
Vtri is not (n-2) instepS405. Thus, instepS406, the combination 
of vertexes Pll, P13, and P14 will be selected as the combination 
of the reference vertex Pb, and the vertexes P(c-i-l) and P(C'f2) . 
20 Assuming in step S407 that APll P13 P14 satisfies the third 
condition and /-Pll P13 P14 satisfies the fourth condition, the 
vertex P14 is additionally registered as a vertex of the partial 
polygon PP in step S408, and the counter value Vtri is changed 
to 2 . In the next step S409, the vertex P14 which is the current 
25 vertex P(c+2) is set as the new vertex P(c+1). 



[0079] If the counter value Vtri is determined as not yet 
indicating (n~2) in step S405, the procedure again goes to step 
S4 06 . Since the current reference vertex Pb and the vertex P (c-i-1) 
are the vertexes Pll and P14, respectively, and since the vertex 
PI follows immediately after the vertex P14 in the current polygon 
data Dpoly, selected in step S406 as the vertex P(c-h2) is the vertex 
PI. Assuming in step S407 that APll P14 PI satisfies the third 
condition and Z Pll P14 PI satisfies the fourth condition, instep 
S408, the vertex PI is additionally registered, and the counter 
value Vtri is updated to 3. In the next step S409, the vertex 
PI which is the current vertex P(c-f-2) is set as the new vertex 
P(c-hl) . 

[0080] If the counter value Vtri is determined as not yet 
indicating (n-2) in step S405, selected in step S406 as the vertex 
P(c+2) is the vertex P6, which follows immediately after the vertex 
PI, Assuming in step S407 that APll Pi P6 satisfies the third 
condition and /.Pll PI P6 satisfie s the fourth condition, in step 
S408, the vertex P6 is additionally registered, and the counter 
value Vtri is updated to 4 , In the next step S409, the vertex 
P6 is set as the new vertex P(ci-l) . 

[0081] Then, when the counter value Vtri is determined as being 
(n-2) in step S405, the processor 1 regards the partial polygon 
PP as being perfectly divided from the polygon P. The procedure 
then goes to step S414. In step S414, generated and retained is 
partial polygon data Dpart including the vertex coordinates Pll 
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to P14, PI, and P6 which are found in the working area 3. For 
convenience, the resultant partial polygon data Dpart is referred 
to as partial polygon data Dpart3, The partial polygon data Dpart3 
specifies a partial polygon PP3 which is indicated by the 
double-hatched area in FIG. 8B. 

[0082] Described above is the specific example of the polygon 
division process by referring to FIGS. 5 to 8 . In the example, 
generated on the working area 3 are three pieces of partial polygon 
data Dpart 1 to DpartS . After generating such partial polygon data, 
the procedure goes to step S37 of FIG. 3. 

[0083] In step S37, the processor 1 selects one partial polygon 
data Dpart generated in step S36, and then generates partial image 
data which represents the partial polygon PP on the working area 
3 in accordance with color information, i.e., additional 
information of the polygon data Dpoly, To be more specific, the 
partial image data is the one defining the partial polygon PP by 
shape, and representing the partial polygon PP which is filled 
by the color specified by the color information. The processor 
1 applies the process as described above to any other partial polygon 
data Dpart so that the image data Dimage is generated on the working 
area 3 which defines the polygon P by shape, and represents the 
polygon P color-filled in accordance with the color information 
(step S37) . Here, this step S37 corresponds to a partial polygon 
rendering section in claimo . 

[0084] Here, as shown in FIG. 9, in step S37, the processor 
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1 may apply a perspective projection transformation process with 
respect to the partial polygon data Dpart generated in step S36. 
Specifically, in the perspective projection transformation 
process, the partial polygon data Dpart is subjected to coordinate 
5 transformation so that the partial polygons PP are projected onto 
a screen SR perpendicular to the vector representing the line 
of sight including a predetermined viewpoint on the 3D space. As 
a result, displayed on the screen SR is a polygon P' , 

After step S37 is through, the processor 1 transfers 
10 the image data Dimage generated on the working area 3 to the display 
device Udisp (step S38 ) . In accordance with the image data Dimage, 
the display device Udisp performs the display process so that the 
polygon P is displayed on its screen. 

[0085] As described above, according to the polygon rendering 
15 device Urend of the present embodiment, the polygon division 
process (step S36) divides the concave polygon P into the partial 
polygons PP. Accordingly, in step S37, the process of rendering 
partial polygons is carried out on the partial polygon PP basis, 
and resultantly generated is the image data Dimage representing 
20 the concave polygon P. Therefore, compared with the conventional 
rendering process applied to the concave polygon P, the amount 
of data, especially the number of vertex coordinates Pcan be reduced 
to a greater degree in the process of rendering partial polygons. 
Accordingly, the concave polygon Pcan be rendered at higher speeds . 
25 [0086] Here, in the above, steps S36 and S37 are carried out 



with respect to the polygon data Dpoly specifying the polygon P 
as being a concave polygon. This is not restrictive, and those 
steps may be applied to the polygon data Dpoiy specif ying the polygon 
P as being a convex polygon. 

[0087] Also in the above discussion , the processor 1 reads out 
the polygon data Dpoly in step S31 from the storage device Ustor 
which is internally provided in the terminal device Dterm to the 
working area for the later processes. Alternatively, the 
processor 1 may transfer the polygon data Dpoly coming over 
communications paths typified by the networks and buses to the 
working area 3, and carry out steps S32 to S38 with respect to 
the polygon data Dpoly, That is, the polygon rendering device 
Urend does not necessarily require the storage device Ustor. 
[0088] Further, in the above, the processor 1 transfers the 
image data Dimage in step S38 from the working area 3 to the display 
device Udisp which is internally provided in the terminal device 
Dterm. This is not restrictive, and the processor 1 may transfer 
the image data Dimage to the display device which is externally 
provided to the terminal device Dterm over the communications paths 
That is, the polygon rendering device Urend does not necessarily 
require the storage device Ustor. 

[0089] Also in the above discussion , the polygon data Dpoly 
presumably includes the vertex coordinates PI to Pn in such an 
order that the polygon P can be rendered in one stroke. Here, 
if the polygon data Dpoly does not carry the vertex coordinates 



P in such an order, the processor 1 may rearrange the vertex 
coordinates PI to Pn in such an order in accordance with the 
connection information^ i.e., additional information, before 
going to step S36. 

[0090] Also in the above discussion , if the partial polygon 
PP is structured by a plurality of triangles, the partial polygon 
data Dpart in the storage device Ustor includes, together with 
the reference vertex Pb, vertex coordinates P wh i ch-- s^e <: i f i g s- 
specif y a partial polygon PP structured by a triangle APb Pc P (c-hl) , 
and at least one triangle APb P (c-hl ) P (c-h2) . In some cases , however, 
the processor 1 may be capable of rendering only simple rectangles 
due to its computing power. If so, as the partial polygon data 
Dpart, the processor 1 may generate data including, together with 
the reference vertex Pb, vertex coordinates P which— s-peei-^-ire-s- 
specify a partial polygon PP structured by a rectangle OPb Pc 
P(c-hl) Pb, and at least one rectangle UPb P(c-hl) P(c+2) Pb, If 
the processor 1 carries out the process of rendering partial 
polygons (stepS37) in accordance such partial polygon data Dpart, 
formally, result ant ly rendered will be the rectangles \3Pb Pc P (c+l) 
Pb, and HPb P(c-i-l) P(c+2) Pb as shown in FIG. lOA. Since these 
rectangles share the same reference vertex Pb, such a partial 
polygon PP as shown in FIG. lOB can be resultantly rendered. 
[0091] While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifications 
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and variations can be devised without departing from the scope 
of the invention. 
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ABSTRACT OF THE DISCLOSURE ' ^ 

I 

A polygon rendering device Urcnd carries out a polygcjn 
division process , in otcp S36, for generating, based on polygJn 
data which specifies a polygon to be rendered, a plurality of partiajl 
polygon data each specifying one piece of partial polygons whic'h 
are obtained by dividing the polygon. Then^— ifi — step S37, la 
rendering process is performed based on the generated partiajl 
polygon data generated in step S36 so as to generate image datia 
which represents an image of the polygon . Here , each of the partiajl 
polygons includes a plurality of triangles which respectiveljy 
include a vertex of the polygon, and each of the triangles includejd 
in each of the partial polygons shares at least one edge with anjy 

at least one of the triangloo other triangle included in the sairie 

I 

partial polygon. In such a manner, the polygon^ rendering devicje 
Urcnd can render polygons at high speeds. ' 
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